In patients with muscle invasive bladder cancer (MIBC), neoadjuvant chemotherapy (NAC) prior to radical cystectomy has improved survival but there is an urgent unmet need to identify prognostic and predictive biomarkers to stratify patients who will benefit from treatment. This study aimed to examine the composition of tumor-infiltrating immune cells in MIBC, with particular reference to the clinical outcome and the potential modifying effect of NAC. To this end, the expression of CD8 + and FoxP3 + T cells, CD20 + B cells, PD-1 + and PD-L1 + immune cells and PD-L1 + tumor cells was evaluated by immunohistochemistry on tissue microarrays with paired transurethral resection (TURB) specimens, cystectomy specimens and lymph node metastases from 145 patients, 65 of whom had received NAC. Kaplan-Meier and Cox regression analyses were applied to assess the impact of investigated cell subsets on time to recurrence (TTR). In cystectomy specimens, high infiltration of the investigated immune cell populations, but not PD-L1 + tumor cells, were independently associated with a prolonged TTR, whereas in TURB specimens, this association was only seen for CD8 + lymphocytes. An additive beneficial prognostic effect of NAC was seen for the majority of the cell subsets but there was no significant interaction between any immune marker and NAC in relation to TTR. Furthermore, no differences in cell densities prior to NAC treatment were observed between complete and non-complete responders, or pre-and posttreatment in non-complete responders. In conclusion, immune cell infiltration provides important prognostic information in both pre-and postsurgical samples of MIBC, independently of NAC.
Introduction
Bladder cancer (BC) is the ninth most common malignancy worldwide. 1 Its high prevalence, in conjunction with high recurrence and progression rates, 2 makes BC an important, yet understudied, health issue. 3 Despite medical advancements, the prognosis of urothelial muscle invasive BC (MIBC) remains dismal, as nearly half of the patients will develop metastases within few years after radical cystectomy, most of whom will die of their disease. 4, 5 The high recurrence rate is thought to be predominantly caused by occult micrometastases present at the time of surgery. 6 Therefore, cisplatinum-based neoadjuvant chemotherapy (NAC) is recommended to eligible patients with locally advanced but operable MIBC to lower the risk of recurrence. 2 Even though clinical studies have consistently reported that NAC improves survival, 7 the response to treatment is heterogeneous. Patients in whom NAC elicit a pathological downstaging of the tumor to ≤ pT1 could have a 5-year survival rate of 80-90%, in contrast to 30-40% in non-responders. 8 Since the overall response rate to NAC is limited to 30-50% of patients, the overtreatment of non-responders is associated with a risk of chemotherapy-related toxicity and a worse outcome. 9 Hence, there is an urgent unmet need to identify prognostic and predictive biomarkers to guide the use of NAC.
Significant research efforts within cancer immunology have been directed towards tumor-infiltrating immune cells (TICs), which have been associated with both disease prognosis as well as response to chemotherapy in various types of cancers. [10] [11] [12] [13] Cancer surveillance is largely dependent on TICs, and given their key role in the anti-tumor response, infiltration of CD8 + cytotoxic T cells has been identified as a prognostic indicator in MIBC. 14, 15 Similarly, infiltration of other T cell subsets, including Forkhead box P3 + (FoxP3 + ) Tregs, has been correlated with an improved survival. 16 A reinforced anti-tumor T cell response in lymph nodes after NAC treatment in MIBC has recently been demonstrated by Krantz et al. 17 Apart from the T cell response, B cells also play a critical role in anti-tumor immunity and lymphoplasmacytic infiltration has been linked to favorable outcomes in several cancer types, including colorectal cancer, breast, cervical and non-small cell lung cancer. [18] [19] [20] As of yet, the prognostic significance of tumor-infiltrating cells of the B lineage, including CD20 + B lymphocytes, in MIBC is poorly understood.
In addition to chemotherapy, immune checkpoint inhibitors targeting the programmed-death 1 (PD-1)/programmed death-ligand 1 (PD-L1) pathway are approved as firstand second-line treatment options for metastatic BC. 21, 22 The expression of PD-1 and PD-L1 has been evaluated as possible biomarkers predicting outcome and therapeutic response to both chemotherapy and immunotherapy in MIBC, with conflicting results. [23] [24] [25] Moreover, discordance between PD-L1 expression in primary tumors and lymph node metastases has been reported. 26, 27 The observation of spatiotemporal tumoral heterogeneity arises questions whether longitudinal tissue sampling from primary tumors and/or metastatic lesions could add diagnostic information and help guide treatment decisions. 21 The expression of CD8 + and FoxP3 + T cells as well as CD20 + B lymphocytes has, to the best of our best knowledge, not been previously compared in matched pre-and postsurgical specimens of primary tumors and lymph node metastases of MIBC.
This study, therefore, aimed to evaluate the densities of tumor-infiltrating T cells, B cells as well as the PD-1/PD-L1 pathway in paired transurethral resection specimens, cystectomy specimens and lymph node metastases of MIBC. Particular emphasis was given to the relationship of TICs with clinical outcome and the potential modifying effect of NAC.
Results
Patient and tumor characteristics in the entire cohort and in strata according to neoadjuvant chemotherapy The mean follow-up time was 4.3 (range 0.2-7.9) years. At the end of follow-up in August 2018, a total number of 61 (42.1%) patients had died, 50 (34.5%) of whom due to their BC. Recurrent disease was denoted in 51 (35.2%) patients, of whom 6 (4.2%) patients were alive with metastatic spread of BC. The mean time to recurrence was 1.6 (range 0.2-6.2) months. For patients alive, the mean follow-up time was 5.9 (range 4.0-7.9) years.
As demonstrated in Table 1 , the patients who received NAC were significantly younger, with a median age of 64.7 years compared to 73.9 years in the untreated population (p <.001). The distribution of sex and preoperative T-stage was well balanced between the two groups. The finding of complete histopathological response (pT0) in cystectomy specimens was more common in NAC treated patients (p < .001) and the presence of concomitant carcinoma in situ (CIS) was significantly lower (p = .022). NAC treated patients had a trend towards lower clinical T-stages. Node-negative disease was more frequent in the NAC treated population (p = .006). Lymphovascular invasion (LVI) was rarely recorded in the pathology report regarding the TURB specimens, with only one case denoted as having LVI. No LVI was found in any of the cystectomy specimens in patients treated with NAC.
Distribution of immunohistochemical expression in TURB specimens, cystectomy specimens and lymph node metastases
Sample immunohistochemical images are shown in Figure 1 . Cases with loss of or an insufficient amount of tumor cells in the TMA cores, and cystectomy specimens from cases with complete histopathological response (T0) were excluded from the analyses. The expression of CD8 was assessable in TURB specimens from 140 (96.6%) cases, in cystectomy specimens from 89 (61.4%) cases and in lymph nodes from 27 The distribution of the densities of investigated cell subsets in paired TURB specimens, cystectomy specimens and lymph node metastases for the entire cohort are demonstrated in Figure 2 . Comparison of paired tissue specimens revealed a significantly higher CD8 + , CD20 + and PD-1 + immune cell density in cystectomy specimens compared to TURB specimens as well as a significantly higher density of these cell subsets in lymph nodes compared to TURB specimens. The density of CD20 + B cells was also significantly higher in lymph nodes compared to cystectomy specimens. The distribution of the other immune markers did not differ significantly between the different types of specimens. Figure 3 shows the distribution of cell marker expression in strata according to NAC, as well as in relation to the histopathological response. Except for a significantly higher expression of PD-L1 TC in TURB specimens from NAC treated patients (p = .037), there were no significant differences in immune cell densities between NAC untreated and treated patients (Figure 3(a) ). Comparison of paired tissue specimens revealed significantly higher densities of CD8, CD20 and PD-1 in cystectomy specimens compared to TURB specimens (p = .003, p = .031 and p = .018, respectively) in NAC untreated patients. Furthermore, in NAC untreated patients, the densities of CD8 + , CD20 + , PD-1 + and PD-L1 + immune cells were higher in lymph nodes compared to TURB specimens (p = .005, 0.001, 0.006 and 0.019, respectively) and there was also an increase in the density of CD20 + B cells in lymph nodes compared to cystectomy specimens (p = .002). In NAC treated patients, a higher density of PD-1 + immune cells in cystectomy specimens compared to TURB specimens was seen (p = .011) as well as a higher density of CD20 + B cells in lymph nodes compared to TURB specimens (p = .028).
As shown in Figure 3 (b), immune marker expression prior to NAC did not differ significantly between TURB specimens of complete (i.e. T-stage 0 or Ta/CIS only in cystectomy specimens) and non-complete (i.e. T-stage ≥1) responders to treatment.
For all examined immune cell subsets, except CD20 + lymphocytes, the majority of TMA cores from TURB specimens and cystectomy specimens showed immune cell infiltration also in the tumor nest, as presented in Supplementary Figure  1 . Lymphoid aggregates of CD20 + B cells were found in TURB specimens in 28 (19.7%) cases and in cystectomy specimens in 12 (12.9%) cases. There were no differences in the spatial distribution of immune cells between stroma and tumor nest nor in the presence of lymphoid aggregates before and after cystectomy (data not shown).
Interrelationship between investigated cell populations and associations with clinicopathological characteristics
The interrelationship between investigated biomarkers in the entire cohort is demonstrated in Supplementary Figure 2 . In TURB specimens, Spearman's rho test revealed significant strong intercorrelations (R = 0.40-0.75) between CD8 + , CD20 + , PD-1 + and PD-L1 + immune cells as well as PD-L1 + tumor cells, except for a moderate correlation (R = 0.25-0.40) between CD20 + B cells and PD-L1 TC . The correlations between FoxP3 + T-cells and the other observed markers were overall moderate. In cystectomy specimens, strong intercorrelations were found between all investigated immune markers, except for a moderate correlation between CD20 + B-cells and PD-L1 IC as well as between FoxP3 + cells and PD-L1 TC . In paired lymph nodes, significant strong intercorrelations were observed between CD8 + , FoxP3 + , PD-L1 IC and PD-L1 TC cell infiltration, as well as between CD20 + and PD-1 + lymphocytes.
The associations between studied cell subsets and clinicopathological characteristics are detailed in Supplementary  Table 1 -6, and the significant associations are visualized in Figure 4 . In TURB specimens, there was a trend towards lower CD8 + T cell density and higher postoperative T-stage. However, in cystectomy specimens, the highest density of CD8 + T cells was observed in T2 tumors, with significant differences to CIS/Ta as well as T3 and T4 tumors, and with a stepwise decrease from T3 to T4 tumors. Similar trends were seen for PD-L1 + tumor cells in cystectomy specimens. Only FoxP3 infiltration was found to differ significantly with age, in that a higher density of FoxP3 + immune cells in TURB specimens was associated with younger age at diagnosis. High density of PD-L1 + tumor cells in TURB specimens as well as high densities of FoxP3 + and PD-L1 + immune cells in cystectomy specimens were associated with a lower prevalence of concomitant carcinoma in situ. High PD-L1 TC expression in TURB specimens correlated significantly with lower N-stage. PD-1 + and CD20 + cell infiltration did not correlate significantly with any of the investigated clinicopathological parameters.
Prognostic role of studied biomarkers overall and in relation to neoadjuvant chemotherapy
For survival analyses, dichotomization of cell densities into high and low expression was based on cut off points from median values and CRT-analyses, respectively. The cut off points based on median values for TURB specimens were as follows (% cases with high expression): CD8 15% (39.3%), FoxP3 5% (48.3%), CD20 3% (45.8%), PD-1 5% (47.2%), PD-L1 IC 5% (44.6%) and PD-L1 TC 0% (46.0%). The corresponding numbers for medianderived cut off points for cystectomy specimens were: CD8 20% (43.8%), FoxP3 4% (49.5%), CD20 6.75% (50.0%), PD-1 10% (44.2%), PD-L1 IC 5% (49.4%) and PD-L1 TC 0% (48.1%). CRTanalysis established optimal prognostic cut off points for TURB specimens as follows: CD8 31.25% (22.1%), FoxP3 1.75% (83.9%), CD20 57.50% (4.2%), PD-1 21.25% (11.1%), PD-L1 IC 3.8 7.7 p = 0.001 p = 0.002 p = 0.001 p = 0.009 p = 0.007 p = <0.001 p = <0.001 Figure 2 . Distribution of immune marker expression in different types of specimens. Bar charts illustrating the distribution of different immune cell subsets and PD-L1 TC in A) TURB specimens, B) cystectomy specimens and C) lymph node metastases.
6.75% (42.4%) and PD-L1 TC 63.75% (6.5%). The corresponding numbers for CRT-derived cut off points for cystectomy specimens were: CD8 17.0% (52.8%), FoxP3 2.75 (67.7%), CD20 0.50% (84.0%), PD-1 18.75% (32.6%), PD-L1 IC 13.75% (24.7%) and PD-L1 TC 55.75% (13.6%). Due to the comparatively small number of cases with lymph nodes metastases, survival analyses were not performed.
Unadjusted and adjusted hazard ratios for TTR in relation to high and low infiltration of the investigated cells subsets are shown in Table 2 . Using the median values as cut off, in TURB specimens, high CD8 and PD-1 expression were significantly associated with a prolonged TTR, but this association did not remain significant in a multivariable analysis adjusted for age at diagnosis, postoperative T-stage, N-stage, neoadjuvant and adjuvant chemotherapy. In cystectomy specimens, high infiltration of CD8 + , FoxP3 + , PD-1 + and PD-L1 + immune cells independently signified a prolonged TTR. Furthermore, when including all investigated immune cell subsets in the multivariable analysis, high densities of CD8 (HR = 0.38; 95% CI 0.15-0.95) and PD-1 (HR = 0.30; 95% CI 0.11-0.79) in cystectomy specimens remained significantly associated with a prolonged TTR.
Cox regression analyses with the CRT-derived cut off points yielded similar results, except for high infiltration of CD8 + T cells in TURB specimens which remained significantly associated with an improved TTR in multivariable analysis. Due to no denoted recurrent disease after radical cystectomy in patients with high densities of CD20 + and PD-1 + immune cells as well as PD-L1 + tumor cells in TURB specimens, Cox regression analysis could not be applied. In cystectomy specimens, high infiltration of CD20 + lymphocytes was shown to be an independent prognostic factor for prolonged TTR. When all investigated immune cell subsets were included in the multivariable analysis, only high expression of CD8 in cystectomy specimens remained significantly associated with a prolonged TTR (HR = 0.28; 95% CI 0.09-0.86).
As for infiltration of immune cells into the tumor nest, the presence of intratumoral CD8 + T cells in TURB specimens was shown to be independently correlated with a prolonged TTR in adjusted analysis (HR = 0.44; 95% CI 0.22-0.89). A similar, however non-significant, trend was also observed in cystectomy specimens. The presence of lymphoid aggregates was not significantly associated with TTR (data not shown).
Finally, the prognostic role of different immune cell subsets and PD-L1 TC in relation to NAC was examined. For this purpose, combined variables of high and low expression of studied cell subsets ± NAC were constructed. Kaplan-Meier plots of TTR using median values as cut off are shown in Figures 5 and 6 , and the corresponding estimates using CRTderived cut off values are displayed in Supplementary Figures  3 and 4 . In general, the longest TTR was seen for patients having received NAC and with high infiltration of all immune cell subsets and PD-L1 TC . However, for FoxP3 + and CD20 + expression in TURB specimens ( Figure 5 ), the longest TTR was observed for patients treated with NAC, regardless of lymphocyte density. Cox proportional hazards analysis showed no significant treatment interaction between NAC and the density of any of the investigated cell subsets in relation to TTR, as shown in Supplementary Table 7 .
Discussion
The complex interplay between the tumor and its microenvironment has an indisputable role in the course of cancer development. 28 Herein, the densities of tumor-infiltrating T cells, B cells and the PD-1/PD-L1 axis were assessed in paired TURB specimens, cystectomy specimens and lymph node metastases of MIBC, with particular reference to their impact on prognosis as well as the potential modifying effect of NAC. The results demonstrate significant positive intercorrelations between infiltration of the investigated cell subsets within the tumor microenvironment. Furthermore, high densities of immune cells, but not PD-L1 TC , signified a prolonged time to recurrence, independently of other established prognostic factors. The cytotoxic T cell response is driven by cancer-associated antigens 29 and bladder cancer ranks among cancers with the highest mutation burden. 30 In the present study, high densities of CD8 + T cells in both TURB and cystectomy specimens were found to be independently associated with a prolonged TTR. The prognostic significance of CD8 + T cells is in line with prior findings in several types of cancers, including MIBC, and mirrors their key role in tumor suppression by inducing tumor cell apoptosis. 8, 14, 23 Of note, the spatial location of CD8 + T cells within the tissue landscape appears to be of importance since infiltration into the tumor nest per se was associated with a favorable outcome, suggestive of an active anti-tumor response. It has also been hypothesized that immune cells located at the invasion margin of the tumor might act as a protective barrier against micrometastasis. 14 Similarly, infiltration of FoxP3 + Tregs was observed in the majority of cases and a high Treg density in cystectomy specimens was found to be an independent predictor of a prolonged TTR. Tregs have long been viewed as arrant immunosuppressors and are thus expected to be associated with a dismal prognosis. 16 Indeed, a meta-analysis by Shang et al. concluded that high Treg infiltration was negatively correlated with survival in most studied solid tumors. 31 Nonetheless, a paradoxical positive prognostic impact of Tregs has been reported in studies on colorectal, oesophageal, head and neck as well as bladder cancer. 16, 31 One proposed explanation for these observations is that infiltration of a) TURB specimens b) Cystectomy specimens p = 0.001 p = 0.038 p = 0.012 70.6 > 70.6 p = 0.041 p = 0.022 p = 0.007 p = 0.015 p = 0.027 p = <0.001 p = 0.044 p = 0.012 p = 0.012 p = 0.048 p = 0.011 p = 0.011 Figure 4 . Clinicopathological correlates of different immune cell subsets and PD-L1 TC . Box plots visualizing the associations between clinicopathological characteristics and immune marker density in A) TURB specimens and B) cystectomy specimens. Whiskers represent 5% to 95%. P-values are from non-parametric tests, only significant associations (p < .05) are denoted in the panels. Tregs may reflect an ongoing CD8 + CTL response. 31 Moreover, Winerdal et al. have recently described that the positive prognostic influence of FoxP3 + Tregs on bladder cancer survival could be explained by a Treg mediated restriction of cancer progression, through downregulation of tumor matrix metalloproteinase 2 (MMP2), a key pro-invasive factor. 16 This finding implies that the regulatory T cell population could have other than solely immunosuppressive intrinsic functions, which may in part explain their varying relationship with prognosis, depending on the cancer type. Most of the literature on cell-mediated anti-tumor responses have been focused on T lymphocytes, while only a few studies have investigated the contribution of the B cell lineage in MIBC. B lymphocytes have been proposed to have dual functions within the tumor microenvironment in that they can either promote or inhibit tumor development. 32 Furthermore, persistent tumor antigen exposure may result in the formation of tertiary lymphoid structures of B lymphocytes, which resembles germinal centers. 33 The presence of lymphoid aggregates indicates an ongoing clonal B cell expansion and has gained attention due to their prognostic role in some cancers. 29, 34 Lymphoid aggregates have been found to be more common in high-grade MIBC than in low-grade non-MIBC. 29 But their prognostic value has not yet been evaluated. Herein, the denoted lymphoid aggregates were defined as clusters of CD20 + B cells. High density of CD20 + B lymphocytes was shown to be independently associated with a prolonged TTR whereas the presence of lymphoid aggregates of B cells per se was not. Likewise, high CD19 + B cell count has been correlated with prolonged overall survival in patients with MIBC, where these cells were found to serve as antigenpresenting cells to active T lymphocytes. 35 However, Ou et al. have demonstrated that infiltrating B cells can enhance bladder cancer invasion and metastasis. 36 These contrasting results, suggesting that B cells may either have tumor-inhibiting or tumorpromoting properties depending on the context need to be examined in more detail.
In addition, activated lymphocytes can upregulate the expression of PD-1 on their cell surface and binding to its ligand PD-L1 results in lymphocyte exhaustion. This interaction is one of the major pathways used by some malignancies to evade immune surveillance. 12 The prognostic value of PD-1 and PD-L1 expression has been evaluated with inconsistent results, including in MIBC. 12, 23, 37 In the herein investigated cohort, high PD-1 + and PD-L1 IC , but not PD-L1 TC , expression was found to be independently associated with a prolonged TTR. The previously reported conflicting data on the impact of PD-1/PD-L1 on survival may be due to the fact that a variety of different antibodies, scoring methodologies and prognostic cut off values have been used. A recently published article by Tretiakova et al. compared four commonly used PD-L1 antibodies, including the herein used antibody, in primary and metastatic urothelial carcinomas and found a high concordance between all. PD-L1 was found to be expressed in a substantial proportion of both TICs and tumor cells and to be associated with an improved overall survival. 38 It has been speculated that high PD-1/PD-L1 expression could be considered a marker of an active anti-tumor response, explaining the positive correlation between high expression and prognosis. 39 In order to validate the prognostic value of PD-L1, standardized criteria for defining PD-L1 positivity should be applied. Furthermore, monoclonal antibodies targeting PD-1/PD-L1 ligation have been approved as treatment options for advanced MIBC, but the value of PD-1/PD-L1 expression in predicting response to checkpoint inhibitors remains an issue of debate. [40] [41] [42] The finding of a beneficial, in some cases independent, prognostic impact of high immune cell infiltration in the present study, as well as in previous studies, indicates the need to further evaluate the clinical relevance of immune markers in MIBC prognostication. As of today, prognostication as well as choice of treatment strategy for patients with MIBC is usually based on TNM staging and patient characteristics. 2 The reliability of these parameters is however limited as there are significant variations in clinical outcome after treatment among patients within the same TNM stage. 15 In colorectal cancer, the Immunoscore has been shown to be a stronger predictor of outcome than TNM staging. 43 Immunoscore has also shown promise as a potential predictor of clinical outcome in UBC, 15 but the value of incorporating this parameter into the current staging classification remains to be determined, as well as which types of TICs that should be included. Also, the optimal prognostic cut off values for different immune cell subsets remain to be established. Herein, the median values as well as the CRT-derived cut off values were used. Both approaches supported that high densities of all investigated immune cell subsets were associated with a favorable outcome. Given the potentially important prognostic implications of the tumor microenvironment, a better understanding of the effect of drugs on the tumor-stroma interactions is needed. Since NAC is recommended to all patients with locally advanced MIBC, if considered medically fit, 2 we investigated its potential effect on the anti-tumor response. Based on the results, an additive beneficial prognostic effect of NAC could be suggested for tumors with high infiltration of the majority of the investigated cell subsets. However, there was no significant interaction between cell density and NAC in relation to prognosis, and the NAC treated patients were also younger and considered fit for chemotherapy. Moreover, an increase in PD-1 expression in cystectomy specimens compared to TURB specimens was seen in both NAC untreated and treated patients. In NAC untreated patients, the quantities of CD8 + and CD20 + cells were higher in cystectomy specimens compared to TURB specimens, which may be due to a general inflammatory response during cystectomy. There was no significant difference in the densities of investigated cell subsets between primary tumors and lymph node metastases in these patients. In non-complete responders to NAC treatment, chemotherapy had no effect on the densities of immune cells or PD-L1 TC . Importantly, the similarities in cell densities in paired TURB specimens, cystectomy specimens and lymph node metastases indicate that either type of specimen can be used for prognostication purposes. In line with these findings, Poch et al. have previously reported similarities in the infiltrative patterns of T and B lymphocytes in cystectomy samples from chemonaïve and NAC treated patients 44 and Tretiakova et al. have shown a high concordance between PD-L1 expression in matched primary and metastatic lesions. 38 But as temporally and spatially discordance of PD-L1 expression between different sites has been observed in MIBC, 26, 27 the timing of obtaining tissue samples for PD-L1 staining could be of importance.
With this current study design, we were not able to examine the effect of NAC on cell density in cystectomy samples from complete responders, i.e. postoperative T0. Considering the proposed immunostimulatory effects of chemotherapy in MIBC, 45, 46 further studies monitoring the immune activity during the course of NAC administration in this patient group are highly motivated.
A major issue is the lack of predictors of NAC response that could guide therapeutic decisions. The densities of TICs have been suggested as potential predictive biomarkers of chemotherapy response. 8, 11 Baras et al. found that a CD8 + CTL to Treg ratio >1 in pretreatment biopsies of MIBC correlated with NAC response, whereas patients with a ratio <1 showed no response. 8 Herein, only high CD8 + T cell infiltration in TURB specimens was found to be significantly associated with postoperative T-stage. However, there were no significant differences in the densities of immune cells or PD-L1 TC in TURB specimens between complete and non-complete responders to NAC, and the CD8 + T cell to Treg ratio was not found to correlate with therapeutic response.
This study has the known limitations of a retrospective design. But since approximately half of the included patients had received NAC, the comparison of immune marker expression between NAC untreated and treated patients could give some implications of its potential predictive value, despite the retrospective setting. However, the results need further validation, preferably in prospective studies. In this present study, a high concordance of immune marker expression between matched primary tumors and lymph node metastases was seen, but the number of lymph nodes was small and larger comparative studies are needed.
Another limitation is the use of the TMA technique that may not properly reflect the potential heterogeneity of the tumor. In bladder cancer, however, a low frequency of intratumoral heterogeneity has been observed, thus supporting the use of TMA in biomarker studies on this type of cancer. 47 Moreover, in an attempt to address the heterogeneity issue, triplicate cores were sampled from representative regions of the tumor and from different donor blocks when possible.
Conclusion
In conclusion, high infiltration of lymphocytes from both the T and B cell lineage within the tumor microenvironment of MIBC independently signified a prolonged time to recurrence. These findings strengthen the potential clinical utility and, hence, need to further evaluate the role of immune markers in MIBC prognostication. The densities of immune cells or PD-L1 + tumor cells in TURB specimens do however not appear to be predictive of response to NAC. Moreover, in patients with residual tumor after NAC treatment, chemotherapy had no effect on the densities of the investigated cell subsets, indicating that assessment of immune cell infiltration in pre-and postsurgical samples provides equally important prognostic information.
Materials and methods Study cohort

Study cohort
The study cohort included a consecutive series of all patients having undergone transurethral resection of the bladder (TURB) and ensuing cystectomy for MIBC at Skåne University Hospital, Malmö, between January 1st 2011 and December 31st 2014. Out of 207 patients, 23 (11.1%) had benign disease or non-urothelial cancers, 22 (10,6%) had CIS only, 3 (1.4%) were misclassified and 14 (6,8%) had missing tumor material from the TURB. This rendered 145 cases eligible for this study, 135 for whom both TURB and cystectomy specimens could be retrieved. Clinical data were obtained from medical records. Follow-up started at MIBC diagnosis and ended at death or August 31st 2018. Clinicopathological characteristics of the study cohort are presented in Table 1 . Prior BCG-treatment was denoted in 13 (9.0%) cases. Sixty-five (44.8%) patients had received NAC (MVAC regimen) and 12 (8.3%) patients had been given adjuvant chemotherapy.
Ethical approval
Ethical permission for the study was obtained from the Regional Ethics committee at Lund University, ref no 
Tissue microarray construction and immunohistochemistry
Haematoxylin and eosin-stained slides from all cases were histopathologically re-evaluated by a board-certified pathologist (KJ) and pathological tumor staging was done according to the 7th edition of The American Joint Committee on Cancer TNM classification of malignant tumors. All tumors were T-stage ≥2 at diagnosis. Tissue microarrays (TMA) were constructed from paired TURB specimens, cystectomy specimens and a subset of lymph node metastases (n = 27) using a semi-automated arraying device (TMArrayer, Pathology Devices, Westminster, MD, USA). All tumor samples were represented in triplicate tissue cores of 1 mm in diameter, when possible from different donor paraffin blocks. For immunohistochemical analysis, 4-μm TMA-sections were automatically pretreated using the PT Link system and then stained in an Autostainer Plus (Dako, Glostrup, Denmark) using the following antibodies: anti-CD8-antibody (clone C8/ 144B, mouse, dilution 1:50, product M7103, Dako, Glostrup, Denmark), anti-FoxP3-antibody (clone 236A/E7, mouse, dilution 1:200, Abcam, Cambridge, UK), anti-CD20-antibody (HPA14341, rabbit, dilution 1:200, Atlas Antibodies AB, Stockholm, Sweden), anti-PD-1-antibody (ab52587, clone NAT105, mouse, dilution 1:50, Abcam, Cambridge, UK) and anti-PD-L1-antibody (clone E1L3N, rabbit, dilution 1:100, Cell Signaling Technology Inc, Danvers, MA 01923, USA).
Evaluation of immunohistochemical staining
The estimated percentage of CD8, FoxP3, CD20, PD-1 and PD-L1 positive immune cells (PD-L1 IC ) as well as the percentage of tumor cells expressing PD-L1 (PD-L1 TC ) were manually annotated in each TMA core by two independent observers (SW and KJ) blinded to clinical outcome. Cases of scoring discrepancies were re-evaluated and discussed in order to reach consensus. Staining intensity was not taken into account. A median value of three cores was calculated and used in the subsequent analyses. The spatial location of the stained cell populations was classified as either stromal or in tumor nest (TN, defined as stained immune cells being in juxtaposition to a tumor cell). Lymphoid aggregates of CD20 + cells were denoted as being either present or absent.
Statistical analysis
χ 2 and Mann-Whitney U tests were applied to examine differences in the distribution of clinicopathological factors between NAC untreated and treated patients. Non-parametric tests (Mann-Whitney U test, Kruskal-Wallis test) were used for comparison of immune cell density and PD-L1 TC with patient and tumor characteristics. Mann-Whitney U test was also used for evaluation of the expression of investigated cell subsets in TURB specimens in relation to chemotherapy response. Wilcoxon signed-rank test was applied to examine differences in immune cell and PD-L1 TC densities in paired TURB specimens, cystectomy specimens and lymph nodes. Spearman's rank correlation test was used to investigate the interrelationship between different immune cell subsets and PD-L1 TC categories. For survival analyses, dichotomous variables of high and low density of stained cells were constructed from both median values and prognostic cut off values derived from Classification and regression tree (CRT) analyses. Cox proportional hazards models were used to estimate the impact of immune cell and PD-L1 TC density on time to recurrence (TTR) in both univariable and multivariable analyses, adjusted for age at diagnosis, postoperative T-stage, N-stage, neoadjuvant and adjuvant chemotherapy and immune marker expression. TTR was defined as time from TURB to the date of biopsy-or radiology-proven recurrent disease or death from bladder cancer. Kaplan-Meier analyses and log-rank tests were applied to illustrate differences in TTR with respect to biomarker expression and NAC. For evaluation of a potential interaction between neoadjuvant chemotherapy and investigated cell subsets, an interaction variable was constructed of neoadjuvant chemotherapy (±) x lymphocyte density (low/high) and used. All calculations were performed using IBM SPSS Statistics for Mac version 25.0 (IBM, Armonk, NY, USA). All statistical tests were two-sided and p-values <0.05 were considered statistically significant. Graphs were constructed using SPSS or GraphPad Prism version 8 (GraphPad Software, LA Jolla, CA, USA).
Abbreviations
CRT Classification and regression tree MIBC
Muscle invasive bladder cancer NAC Neoadjuvant chemotherapy PD-1
Programmed death-1 PD-L1
Programmed death-ligand 1 PD-L1 IC Immune cells expressing PD-L1 PD-L1 TC Tumor cells expressing PD-L1 TICs
Tumor-infiltrating immune cells TMA Tissue microarray Tregs Regulatory T cells TTR Time to recurrence TURB Transurethral resection of the bladder.
